Objective: Retainers play a critical role in the long-term success of orthodontic treatment. The aims of this study were to evaluate the survival time of different retainers and to investigate the potential predictors of the retainer failures. Material and methods: A total of 591 retainers from 309 patients (between 2003 and 2014) were included in the study, including Hawley retainers (n = 199), vacuum-formed retainers (n = 34), lingual fixed retainers (n = 278), and the COMBO (a combination of two different retainers in the same arch; n = 80). Patient's demographics, retention procedures, time to failure (survival time), and reasons for failures were extracted from patient files. Failure of retainer was defined as any events after which the retainers needed to be replaced or repaired; loss of retainer was treated as a failure because the retainer could not fulfil its role. Survival analyses were performed to compare the survival time between different retainer groups. Results: The survival time was the longest for lingual fixed retainers (median 1604 days) and Hawley retainers (1529 days), followed by COMBO (258 days) and vacuum-formed retainers (105 days; overall P < 0.001). No statistical significance of survival time of lingual fixed retainers was found between maxilla (1497 days) and mandible (1604 days; P = 0.341), nor between different types of the COMBO (overall P = 0.078). These results were unchanged before and after adjusting for the age, gender, and socioeconomic status (SES) of the patients. The reasons for failures varied among different retainers: most failures of the Hawley retainers were 'lost' (52.0%), most failures of the lingual fixed retainers were debond (63.5%), and fracture was the most common cause of failure for both vacuum-formed retainers (43.5%) and the COMBO (41.9%). Conclusion: Lingual fixed retainers and Hawley retainers had the longest survival times, followed by the COMBO retainers and vacuum-formed retainers. The reasons of failure were mainly mechanical (debond and fracture) and patient-related (loss).
Introduction
Retainers play a critical role in the long-term success of orthodontic treatment and prevention of relapse. The causes of relapse are not yet fully understood but are likely to be related to periodontal fibres, pressures from the soft tissues, continuing residual growth, and occlusal contacts (1) . To minimize the risk of relapse, patients are usually required to wear retainers after active orthodontic treatment for several years or even lifetime (2) .
The most commonly used orthodontic retainers include Hawley retainers, vacuum-formed retainer (3) , and lingual fixed retainers (4) . A combination of two different retainers in the same arch (COMBO) have also been described and used as dual retention (5) . The survival European Journal of Orthodontics, 2018, 531-536 doi:10.1093/ejo/cjx100 Advance Access publication 24 January 2018 time of retainers is one of the most important factors that clinicians usually consider when prescribing a retention regimen. The failure of retainers not only increases the cost of the treatment but could also compromise the effectiveness of retention (6) . However, no consensus has been reached on the best retention protocol or on the length of the retention period, though the need for retention has been universally accepted (2) . The recommended retention regimen can vary significantly across countries. For example, in Switzerland, 48% of orthodontists prescribed the COMBO of a fixed retainer and a removable retainer for patients who had extraction treatment (7) , while the most common maxillary retention protocol prescribed by Norwegian orthodontists is the COMBO of a fixed retainer and a vacuum-formed retainer (8) .
A large number of studies have been published on the survival time of fixed retainers but mostly for the lower arch (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . Very few studies have investigated the survival time of maxillary fixed retainers and removable retainers (9, 23) . The information of the survival time of the COMBO retainers is even unknown although they are commonly used in orthodontic clinics (7, 8) . Current systematic reviews have failed to provide conclusive guidance on the survival times of orthodontic retainers and highlighted that the outcome measures were mainly described as failure rate (instead of the exact survival time) in the majority of the papers because the factor time was not included in those studies (2) (3) (4) 6) . To date, the survival time analysis of retainers, including censored and uncensored records, is still unclear.
The aims of this study were to evaluate the survival time of different retainers, including Hawley retainers, vacuum-formed retainers, lingual fixed retainers, and the COMBO, and to investigate the potential predictors of the retainer failures.
Materials and methods

Data source
The study was designed as a retrospective cross-sectional study. A total of 591 units of retainers from 309 patients were included in the study (177 females, 16.3 ± 2.8 years old; 132 males, 16.6 ± 2.6 years old). Data were collected from the files of orthodontic patients (between 2003 and 2014) at the University of Otago Orthodontic clinic, New Zealand. The ethics approval for the study was obtained from the University of Otago Ethics Committee (D14/174). The inclusion criteria were patient who has completed active fixed orthodontic treatment at the University of Otago, orthodontic postgraduate clinic, and maxillary and/or mandibular retainers fitted within a week after debond. Patients were excluded in case of incomplete records or craniofacial anomalies.
Sample size calculation
In order to have 80% power to detect hazard ratios ≥3 between any two types of retainers using a two-sided test at the 0.05 level (assuming one-third or more of patients experience a failure during their follow-up period), at least 48 patients were needed for each retainer type.
Retainers
All retainers were fabricated in the dental technology laboratory at the Faculty of Dentistry, University of Otago. The Hawley retainer consisted of an acrylic baseplate and 0.8 mm stainless steel clasps; the vacuum-formed retainer was fabricated with DURAN ® thermoplastic sheet of 1.00 mm thickness with a full coverage design, and the lingual fixed retainer was made of stainless steel wire ('0.016 × 0.022') bonded with 3M Filtek Supreme ® composite on the canines.
A total of 591 units of retainers were included in the study (Table 1) . Five different types of the COMBO were identified. Four COMBO regimens that had more than one instance were included in the statistical analysis.
Outcome measurement
The year of delivery, survival time, and the reasons for failure were recorded for each retainer. The survival time (in days) was calculated from the first day of wearing the retainer(s) to the day of the first failure event for that retainer unit. Failure of retainer was defined as any events after which the retainers needed to be replaced or repaired; loss of retainer was treated as a failure because the retainer could not fulfil its role (2) . Only the first failure event was considered for a retainer unit, and survival time (days) was recorded. For the COMBO group, a failure in any part of the combination of retainers was counted as the failure of the unit. When failures occurred in both arches, they were considered as two separate events on two separate retainer units. If no failure event occurred during the observational period, the most recent record of the patient with intact retainers was noted and that retainer unit for the patient was treated as censored at that time.
Patient demographics, including age, gender, and socioeconomic status (SES), were also collected. SES was assessed using the NZDep index, a national census-based small-area index of relative socioeconomic deprivation (24) . Participants were given an index number ranging from 1 to 10, with 1 being the least deprived 10% of households and 10 being the 10% most deprived households (24) .
Statistical analysis
Descriptive statistics were calculated for all demographics along with retainer delivery details. Initially, survival for each type of retainer was graphed using Kaplan-Meier plots. Cox's proportion hazards regression was then used to statistically model the rate of failures for the retainer types, before and after adjusting for the demographic characteristics of interest, namely age, gender, and year of delivery. Due to meshblocks without NZDep categories, SES data was not available for all patients and was therefore added to the age and gender-adjusted model, producing a third model for each outcome but on a smaller data set. The rule of 10 events of interest (and 10 non-events) per predictor variable was used, and models were not adjusted otherwise (25) . Results from these models were reported using hazard ratios, 95% confidence intervals, and P-values. For categorical variables with more than two levels, including retainer type, Wald tests were used to assess overall significance at the variable level with pairwise comparisons performed only if this was statistically significant. As the study was exploratory in nature, no further adjustments for multiple comparisons were applied and marginally significant results should be interpreted with caution. Median survival times were estimated for each retainer type along with 95% confidence intervals. Proportionality was tested, and where appropriate modelled, using time varying covariates. This is because it is plausible that one or more retainer types could, for example, have higher failure rates in the short term (e.g. within 3 months) but not over a longer time period.
Data were analysed using Stata (StataCorp.2015. Stata Statistical Software: Release 14. College Station, TX: StatCorp LP) with twosided P < 0.05 considered statistically significant in all cases.
Results
Types of retainers
Lingual fixed retainers were the most frequently used retainers (47.0%) in the study population, followed by Hawley retainers (33.9%), the COMBO (13.5%), and vacuum-formed retainers (5.8%) ( Table 1) .
Primary survival analysis
The survival time was highest for lingual fixed retainers (median 1604 days) and Hawley retainers (1529 days), followed by the COMBO (258 days) and vacuum-formed retainers (105 days), as shown by the Kaplan-Meier curve (Figure 1) .
Post-hoc tests comparing the survival time between groups found no statistically significant difference between the Hawley and lingual fixed groups (P = 0.526; Table 2 ). However, both the COMBO and vacuum-formed groups showed significant higher hazard ratio, with the vacuum-formed group having the highest hazard ratio (all P < 0.05).
There was no evidence that the age, gender, or SES of the patient had a statistically significant influence on the failure of retainer (all P > 0.05). The survival time was affected by the year of retainer delivery (P = 0.010), with earlier delivery having a longer survival time (Table 3) .
Secondary survival analyses
There were four main subcategories of the COMBO group, with one singleton category excluded from the analysis ( Table 1) . The median survival times of these COMBO groups were 1365 days (upper Hawley plus lingual fixed retainers), 223 days (upper vacuumformed plus lingual fixed retainers), 218 days (upper Hawley plus vacuum-formed retainers), and 146 days (lower vacuum-formed plus lingual fixed retainers), with no statistically significant difference (Wald test P = 0.078) (Figure 2) .
The survival time of the COMBO of upper Hawley plus lingual fixed subgroup (1365 days) was similar with the survival time of single Hawley retainer (1529 days) and single lingual fixed retainer (1604 days; P > 0.05). Therefore, in an unplanned exploratory analysis, the survival time of the COMBO of Hawley plus lingual fixed group, Hawley group, and lingual fixed group was further compared; however, the difference was not statistically significant (overall P = 0.474) (Figure 3 ) and remained unchanged after the adjustment for age, gender, SES, and the year of retainer delivery.
The vacuum-formed retainers were not further analysed into subgroups of maxillary and mandibular due to the small numbers of patients experiencing a failure event. There are 10 categories with 1 being the least deprived 10% of households and 10 being the 10% most deprived households. Effects are compared with the least deprived group NZ Dep 1-3. a NZDep index is a New Zealand national census-based small-area index of relative socioeconomic deprivation. The number of 'lost' vacuum-formed retainers were nine for the COMBO group (i.e. three for the lower VFR + LFR, three for the upper VFR + HR, and three for the upper VFR + LFR), three for the upper vacuum-formed retainer group and one for the lower vacuumformed retainer group.
Discussion
The survival time of a retainer is one of the parameters a clinician must consider when prescribing a retention regimen. A short survival time creates a financial burden for the patients (23), difficulties in practice management, and compromise the effectiveness of the retention (6) . Survival analysis of retainers, especially removable retainers and the COMBO, is very limited in the literature (2-4). Our findings indicated that the median survival time of lingual fixed retainer and Hawley retainer were longer than 4 years but was much shorter for vacuum-formed retainer when used alone or in combination with other retainers. The survival time of retainers did not differ significantly between maxilla and mandible and remained unchanged after adjusting the results for sociodemographic variables.
There are a number of limitations in the current study. The material was retrospectively obtained from the archived patient files, which might be a potential bias in the calculation of the survival time. Another limitation of the study is the lack of information about the operator's experience, as less experienced operators have been found to encounter more retainer failures than experienced clinicians, especially for the lingual fixed retainers (13, 18, 26) . In addition, the documentation on the wearing duration of removable retainers, part-or full-time, was not recorded. However, all retainers included in the study were fabricated in the same university laboratory and issued using a standard set of instructions.
The study included all of the orthodontic retention regimens that had been used in the university setting in New Zealand, including Hawley, vacuum formed, lingual fixed, and different COMBO regimens. Only the first failure event was recorded in this survival analysis, and the longest recorded follow-up period for this largescale clinical audit was up to 11 years. In contrast, most of the available studies on survival analysis had much shorter follow-up periods compared with the standard recommended retention time (2, 27) .
In this study, the most frequently used upper retainer was the Hawley retainer (65.7%), and the most commonly used lower retainer was lingual fixed retainer (93.75%). This is consistent with a survey that performed in the US orthodontists, which has reported that the upper Hawley and lower lingual fixed retainers were the most commonly used retainers (58.2 and 40.2%, respectively) (27) . However, a previous study on the retention regimens in New Zealand and Australia has found that orthodontists slightly preferred to use vacuum-formed retainer (31.4%) than Hawley retainer (30.0%) for the maxilla, and for the mandible, Australian orthodontists preferred to use removable retainers (31.5%) and vacuum-formed retainers (25.1%), and New Zealander orthodontists favoured lingual fixed retainers (54.8%). The COMBO retention regimens were rarely used for the maxilla (2.5%) and the mandible (2.6%) (28) .
The survival time of the lingual fixed retainers was 1604 days in the study, which was slightly longer than the results from the previous reports: 30 months (approximately 900 days) (18), 19.9 months (approximately 600 days) (13) , and 48 months (approximately 1440 days) (14) . The rate of failure, which is inversely associated with the survival time, decreased over time, and the highest number of failures were found soon after insertion in the present study. This is consistent with the previous studies (9, 13, 26) . No statistically significant difference in the survival time of lingual fixed retainers was found between the maxilla (1497 days) and the mandible (1604 days), which is in agreement with Al-Nimri et al. (29) . In contrast, some of the other studies have reported that the survival time of the maxillary lingual fixed retainers was significantly shorter than that of the mandibular (14, 26, 30, 31) .
The vacuum-formed retainers were found to have a significantly shorter survival time in comparison with the other retainers in the study. But, there were no consistent results when comparing with other studies on vacuum-formed retainers. A previous prospective trial reported that there was no significant difference in the survival times between Hawley retainer and vacuum-formed retainer during 12 month follow-up (23) . This may because they included both maxillary and mandibular Hawley retainers. Another study has found a significantly higher breakage rate in the Hawley group than in the vacuum-formed group over a 6 month period (32) . This study also included lower Hawley retainers, and majority of the breakage (20 out of 26) of the Hawley retainers occurred in the lower retainers. Apart from these two studies, Tynelius et al. also investigated the survival of vacuum-formed retainer that covered on the canine-tocanine region (33) , while the vacuum-formed retainers in the present study covered the full dentition. There is still conflicting evidence about the survival time of the Hawley and vacuum-formed retainers (2) . The sample size of the vacuum-formed retainer group was relatively smaller than the other groups in the study. Though the sample size would not bias the estimates, it may lead to a relatively lower precision, which could be reflected in the widths of the confidence intervals.
The different materials that were used for fabricating vacuumformed retainers may also influence their survival time (23) . Many types of thermoplastic sheets are now commercially available, including DURAN, Biolon, Erkodur, C+, and Invisacryl C (23, (33) (34) (35) ; the thickness of these thermoplastic sheets also varies significantly, from 0.75 mm (23), 1 mm (35), 1.5 mm (34) up to 2 mm (33). In our study, the retainers were made of DURAN thermoplastic sheet with 1.00 mm thickness. Future studies could consider evaluating the potential influence of different thermoplastic materials on the survival time of retainers.
A spare vacuum-formed retainer together with the other retainers may provide a relatively longer survival time than a single retainer alone; however, this is not supported by our findings. Because the survival time of the COMBO retainers, regardless of the type of different combinations, did not show any advantages over the single retainers alone. The survival time of the COMBO was found to be significantly associated with the survival time of each individual retainer. In the current study, the failure of any part of the COMBO retainers was considered as failure of the whole unit. It is also important to know whether the removable or the fixed part failed most; therefore, future studies can consider to include the analysis on survival time of each part of the COMBO.
The failure of the retainers in the study was defined, based on the previous literatures (2, 23), as any event occurring to the retainers that resulted in the impairment of its normal function, including breakage, debonding, distortion, fracture, being lost, and no longer fitting. Although some of the failures are not inherent failures of the retainer itself, such as being lost, the actual function of the retainer is not able to be achieved and lead to the extra cost of receiving a new retainer for the patient. Some of the retainers are different from the other retainers in nature; for example, fixed retainers are much less likely to be 'lost'in comparison with vacuum-formed retainers. However, it does have its own risk such as 'debond' that is not observed in the other retainer groups. Therefore, mechanical failure (such as breakage, debond, and fracture) and patient-induced failure (such as being lost, eaten by dog, and distorted by hot water) were all treated as 'failure' of the retainer in the study.
The main reasons for failure of lingual fixed retainers were debond (63.5%) and fracture (28.9%), which is consistent with the results reported by Scheibe and Ruf (18) . For the removable retainers, fracture and loss have been found to be the most common reasons for the failures (23) . The failure of retainers was found not related with the patient's age and gender in the study, which is consistent with the previous reports (13, 14) . In the present study, the SES of the patients was not associated with the failure rate. However, the retainer failure was associated with the year of delivery, i.e. a retainer prescribed in the earlier years would have a longer survival time compared with a retainer prescribed later in the study period. This may be due to the changes in either the dental materials and staff or the lack of instructions provided to patients in the postgraduate clinics. Further research is needed, if it is replicated, to explore the possible explanations for this unexpected result.
The study compared the survival time of different orthodontic retainers, which is an important parameter that a clinician usually consider when prescribing a retention regimen. Both lingual fixed retainers and Hawley retainers demonstrated a significantly longer survival time than the COMBO retainers and vacuum-formed retainers. We recommend that clinicians inform their patients of the common reasons for failure for each type of retainer in order to enhance patient's compliance and minimize the occurrence of failure.
Conclusion
Lingual fixed retainer and Hawley retainer had the longest survival time, followed by the COMBO and vacuum-formed retainers. There was no statistically significant difference of survival time among the different types of the COMBO regimens. The main reasons for the failure of retainers included debond, fracture, and loss. The failure of retainers was not associated with patient's age, gender, or SES.
